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Objectives . The aim of this study was to test whether the
contractile response of akinetic myocardium to low dose dobae
tamine is useful for detecting myocardial viability in patients with
coronary artery disease and persistent left ventricular dysfunc-
tion.
Background. In some patients with chronic coronary artery
disease, persistent abnornttdities of left ventricular wail motion
can be reversed by successful coronary artery bypass surgery .
Thus, identification of potentially reversible dysfunction has im-
portant therapeutic and prognostic implications. Echocardiogra-
phy during Infusion of low dose dobutamine can detect viable
myocardium in patients after throtubolylic therapy. However,
there is no detailed lnfc, ,°matlon on the use of this method in
patients
with chronic left ventricular dysfunction without reper-
fusion .
Methods. We sic-died 33 selected patients with angiographically
proved coronary artery disease and persistent left ventricular
dysfunction. The effect of &-utamine infusion (5 ug/kg body
weight per min, followed by 10 pg/kg per min) en left ventricular
wall motion was evaluated by transthorecic echocardiography
before coronary artery bypass grafting and compared with that
obtained Immediately after the operation (evaluated by Intra-
A number of patients with coronary artery disease and
chronic hypoperfusion develop persistent left ventricular
dysfunction that returns to normal after revascularization
(1-3) . This condition has been named hibernating myocar-
dium (4) . The distinction between ventricular dysfunction
arising from myocardial fibrosis and underperfused but via-
ble hibernating myocardium has important therapeutic and
prognostic implications . Areas of viable myocardium will
recover after reperfusion, whereas fibrotic areas will not .
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operative epicardial echocardiography) and both 2 weeks and 3
months later. Left ventricular wall motion was analyzers qualita .
lively by dividing the left ventricle into 16 segments, and a score
was assigned to each region .
Result . &.1ore coronary artery bypass surgery, 314 segments
were akinetic . Of these, 103 became normokinetic immediately
after revascularization, and 15 became hypoWnetic . Dobutarydne
infusion was able to predict Improvement in 173 of the 205
segments that recovered function after revascularization (semiliv.
ity 26.8%) and to identify 89 of the M9 segments that did not
recover postoperatively (specificity 81 .6%). Mean ( :LSD) segment
scores were 2 .24 ± 0.35 at baseline, 1 .49 ± 0 .34 (p < 0 .001) after
dobutamine infusion, 1.51 ± 0.38 (p < 0.001) immediately after
and 1.51 ± 0 .38 (p < 0 .001) 2 weeks after coronary artery bypass
and 1 .55 ± 0.37 (p < 0 .001) at 3-month follow-up .
Conclusions . Echocardlography during infusion of low dose ,
dobutamine is a safe and accurate method for identifying revers-
ible dysfunctioning myocardium and predicts early reversibility of
wall motion after suk,gical rewascula0zation in selected patients
with coronary artery disease with chronic left ventricular dysfunc-
tion .
(J Am Call Cordial 1994,23 :617-26)
617
Myocardial viability can be assessed with positron emis-
sion tomography (5,6) or thallium imaging (7,8) or by treat-
ment with inotropic agents (9,10) or nitroglycerin (11) .
Echocardiography during infusion of low dose dobutamino
compares favorably with positron emission tomography in
assessing myocardial viability after thrombolytic therapy in
patients with myocardial infarction (12) . Few data are avail-
able on the use of the same technique in patients with
coronary artery disease and chronic left ventricular dysfunc-
tion who do not undergo reperfusion (13,14) .
The purpose of the present study was to test the use of the
contractile response of akinetic myocardium to low dose
dobutamine as a tool for detecting reversible dysfunction in
patients with chronic coronary artery disease . The contrac-
tile response was measured by two-dimensional echocardi-
ography. The presence of reversible dysfunction was estab-
lished by intraoperative epicardial echocardiography as
functional improvement of akinetic areas immediately after
0735-1097/941$7 .00
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surgical revascularization and by transthoracic echocardiog-
raphy both 2 weeks and 3 months later .
Methods
Selenlim of
patients, Between November 1990 and De-
cember 1992 we screened 99 symptomatic patients with
angiographically proved coronary artery disease and left
ventricular dysfunction who were referred to our institution
for possible coronary artery bypass grafting . From this
group we studied 33 patients who met the following inclusion
criteria : 1) transthoracic echocardiogram adequate to assess
wall motion in every myocardial segment of the left ventri-
cle ; 2) persistence e~ regional left ventricular dysfunction,
detected by echocardiography, for at least 1 month before
bypass surgery ; 3) absence of rest angina or clinical insta-
bility during echocardiographic study ; 4) narrowing (05%)
of the coronary arteries subtending the akinetic areas and
their suitability for surgical revascularization ; 5) no acute
myocardial infarction or unstable angina within 6 months of
the study; 6) no other concomitant cardiopulmonary or
severe valvular disease or evidence of left ventricular aneu-
rysm or extensive scar involving >60% of the left ventricular
segments examined . The presence of scar was established by
echocardiography according to the following criteria : a) wall
thickness <5 mm; b) increased acoustic reflectance of the
wall compared with that of the pericardium, analyzed by
stepwise reduction in gain ; 7) left ventricular ejection frac-
tion
:sr.
Of the 99 patients screened, 66 were excluded for the
following reasons : 1) significant mitral regurgitation (grade
III to IV, evaluated by Doppler echocardiography) (16
patients); 2) coronary anatomy suitable for percutaneous
transluminal coronary angioplasty (4 patients) ; 3) coronary
vessels subtending the akinetic zone not suitable for coro-
nary artery bypass surgery (3 patients) ; 4) clinical instability
(ix, rest angina or myocardial infarction within 6 months)
(7 patients) ; 5) variability of left ventricular wall motion
abnormalities between I month and immediately before
bypass surgery'(lO patients) ; 6) left ventricular aneurysm or
scar (8 patients); 7) akinetic area served by a normal coro-
nary artery (4 patients) ; 8) inadequate echocardiogram for
visualization of all segments due to poor acoustic window
(15 patients) ; 9) inadequate revascularization (2 patients) .
The age of the 33 patients included in the study ranged
from 31 to 68 years (mean age 56 years). The clinical data for
each patient are reported in Table 1 . Twenty-three patients
had a history and evidence by electrocardiogram (ECG) of
previous myocardial infarction, and 23 patients had angina .
The remaining 10 patients had only dyspnea (New York
Heart Association functional class II to III) . Eighteen pa-
tients had three-vessel disease ; 13 had two-vessel disease
and 2 had proximal narrowing of the left anterior descending
coronary artery. Left ventricular ejection fraction at rest
detected by biplane left ventriculography ranged from 15%
JACC Vol . 23, No . 3
March 1 . 1994:617-26
to 48% (mean 33 ± 8%). Ten patients had mild mitral
regurgitation .
The decision to perform surgical revascidarization in
these patients was based on clinical considerations, and it
was supported by the demonstration of myocardial viability
in at least some akinetic areas by rest-redistribution thalli-
um-201 scintigraphy (with planar or single-photon emission
computed tomography). The study was approved by the
Hospital Joint Ethical Committee on Clinical Investigation,
and each patient provided written informed consent .
Dobutamine echocardiography . Baseline complete two-
dimensional, M-mode and Doppler echocardiography was
performed within 15 days of coronary artery bypass surgery
using an HP Sonos 1000 with 2.5-, 3 .5- and 5-MHz transduc-
ers. No patient included in this study had received a beta-
adrenergic blocking or inotropic agent within 48 h of the test .
Other medications were not withdrawn . Dobutamine was
infused intravenously using an infusion pump at 5 and
10 /ig/kg body weight per min, each dose lasting 5 mi . The
ECG and blood pressure (using a brachial cuff) were moni-
tored. Standard views were recorded in the left lateral
position before, during and for 5 min after dobutamine
infusion. In addition to videotape recording, a digital on-line
system with ECG-driven cine loop representation was uti-
lized for recording images (Pre-Vue III, Nova Microsonics) .
Digitized cinc loops were compared side by side before and
after dobutamine infusion . The total mean duration of the
study was 20 min'
There were no complications as a result of the test . Heart
rate remained unchanged in 27 patients and increased by
<10 beats/min in 6 patients .
Only the effects of dobutamine on baseline akinetic
segments were considered . To avoid potential errors due to
qualitative analysis of wall motion, the effects of dobutamine
on hypokinetic or normal segments were not considered .
Echocardiographie analysis . To evaluate regional wall
motion, the left ventricle was divided into 16 segments .
Regional left ventricular systolic wall motion and thickening
were evaluated from the 16 segments in random order by two
experienced observers unaware of the identity of the pa-
tients and the order of the echocardiograms .
Interobserver and intraobserver variability for distin-
guishing akinetic from either normal or hypokinetic seg-
ments was previously tested in our laboratory in a group of
50 patients with coronary artery disease with abnormalities
in baseline wall motion . A total of 532 segments were
analyzed is a blinded manner . The variability between the
two observers was 2.1% of the total segments analyzed .
Intraobserver variability was 1 .0%. In this study rare inter-
observer and intraobserver discrepancies were resolved by
the consensus of two other well trained observers not
involved in the study .
We used a conventional scoring system : 1, = nor-ma,
(>5-mm endocardial excursion, >M systolic thickening) ;
2 = hypokinesia (<5-mm endocardial excursion, <25%
systolic thickening) ; 3 = akinesia (absence of endocardial
excursion and wall thickening) ; 4 = dyskinesia (paradoxic
outward motion in systole) (15) .
In the manner recommended by the American Society of
Echocardiography (16), a regional wall motion score was
calculated for each patient as the sum of the score of all 16
segments divided by the number of segments evaluated .
Improvement in regional wall motion during dobutamine
infusion was taken as clear evidence of excursion and
systolic thickening in a baseline akinetic segment . Evalua-
tion of wall motion and thickening in each segment was
always performed at a distance >1 cm from the adjacent
segment to avoid misinterpretation due to the tethering
phenomenon (17,18) .
The sensitivity and specificity of dobutamine echocardi-
ography for the detection of reversible dysfunction were
measured by using as a standard, the functional improve-
ment of the akinetic area after coronary artery bypass
grafting as assessed by intraoperative epicardial echocardi-
ography. To confirm the stability u."regional wall motion,
Ant = anterior; ECG = electrocardiogram ; EF = ejection fraction ; F = female ; Inf = inferior; LAD = left anterior descending coronary artery ; LCx = left
circumflex coronary artery ; LIMA = left main coronary anei y ; M = male ; MI = myocardial infarction : Post = posterior ; Pt = patient ; RCA = right coronary
artery ; RWT = reduced wall thickness ; Sept = septal .
echocardiographic examinations were always repeated in
each patient the day before surgical revascularization .
Intraoperative echocardiography . After induction of an-
esthesia with 30 to 50 pg/kg of fentanyl and endotracheal
intubation, a 5-MHz phased array transesophageal trans-
ducer was introduced into the esophagus and connected to
an HP Sonos 1000 echocardiograph for routine intraopera-
tive monitoring of left ventricular function . The surface ECG
was continuously monitored (lead II) .
A Swan-Ganz thermodilution catheter and a radial artery
catheter were inserted in each patient . Cardiopulmonary
bypass was performed with an arterial cannula in the ascend-
ing aorta and a venous cannula in the right atrium . All
patients underwent coronary artery bypass grafting using
either saphenous vein grafts or the left internal mammary
artery, or both .
The distal anastomoses were performed during a period
of aortic cross-clamping (ranging from 13 to 35 min) while
the myocardium was protected by a cardioplegic solution
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Table 1< Preoperative Clinical Characteristics of 33 Patients
Pt
No .
Age
(yr)/Gender
Previous MI
(ECG Q wave location)
Symptoms
Vessel Affected
(>75%)
Akinetic
Segments
RWT
Location
EF
(96)
1 63/M VrV6
Angina LAD, LCx, RCA
13
Apical 30
2 601M D2 , D 3 , aVF, V,-V, Angina
LAD, LCx
14 Sept, Ant
30
3
62/M D2 , D .I , aVF Angina
LAD, LCx, RCA 8
30
4 601M D2 , D3 ,
aVF, V,-V, Dyspnea LAD, LCx, RCA
12
Inf 30
5 57/M V '-V'
Angina LAD, RCA
6
46
6 511M Angina
LAD, LCx
9 44
7
601M D3, aVF, V,-V4 Angina LAD, RCA
8
Apical Ant 37
8 42/M
Angina LAD, LCx, RCA
12 Post, Apical
33
9 461M V '-V'
Angina LAD, LCx
I I Apical Ant
31
10 40/M Angina
LAD S
48
11
64/M
%, VI-V6
Angina LAD, LCx
8
Apical Ant 38
12 50/M
Angina LAD
3 48
13 31/M
Angina LCx, RCA 4
48
14 66/M D2 , D3 , aVF, V,-V6
Dyspnea LAD, LCx, RCA 12
32
15 47/M D,, D3 , aVF, V,-V, Angina
LAD, M, RCA 9
29
16 64/M D
2
, D
3
, aVF Angina LAD, RCA
10 Inf 30
17
42/M D2, D3, aVF Angina LAD, LCx 7 30
IS 45/M D2,
D3,
aVF
Angina LAD, RCA 9
lnf 25
19 52/M D2 , D,, aVF
Angina LAD, LCx 9 lnf 40
20 501M D2 , D 3 , aVF Angina LAD, M, RCA
13 21
21 66/M D2, D,, aV F, V I_V4 Angina LAD, LCx, RCA
5 Apical Ant 25
22 521M D
2
, D
3
, aVF, V,-V, Angina LAD, LCx, RCA 13
lnf 25
23 60/M D2, D,, aVF, V 2-V5 Dyspnea LAD, LCx, RCA 11 lnf
39
24 661M
Dyspnea LAD, LCx 10 45
25 661M D,, D,, aVF Dyspnea LAD, LCx, RCA 12
Post, Inf 25
26 68/M D2 , D
3
, aVF Angina LAD, LCx, RCA I I lnf
42
27 66/F Dyspnea LAD, LCx 9 Sept, Ant 36
28 641M D,, D2 ,
03 , aVF, V2 , V,, V, Angina LAD, LCx, RCA, LMCA 13 lnf 15
29 62/M D2 , D3, aVF Dyspnea LAD, M, RCA 12 Inf, Sept, Post 35
30 621M D2 , D3 , aVF Dyspnea LAD, LCx, RCA 10 Post 38
31 681M Dyspnea LAD, LCx, RCA 9 lnf 35
32 581M Angina LAD, LCY., RCA 11 lnf 25
33
541M
Dyspnea
LAD, LCx, RCA 6
32
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during systemic hypothermia at 28°C, as previously de-
scribed (19). All vessels with significant (>75%) stenosis
were bypassed by a single surgeon unaware of the preoper-
ative echocardiographic findings .
The epicardial echocardiographic examination was per-
formed using a 5-MHz transducer connected to the HP
Sonos 1 ultrasonograph
. The intraoperative echocardio-
gram was recorded by the same observer who performed the
preoperative echocardiography, with the help of another
observer, operating outside the sterile field, who was respon-
sible for the necessary adjustments of instrument setting .
Immediate preoperative epicardial echocardiograms be-
fore coronary artery bypass grafting were recorded after
pericardiotomy, before cannulation for cardiopulmonary by-
pass, with the use of standard views (20). The epicardial
approach was used to provide an analysis of the ventricle,
using a 16-segment model, comparable to that obtained in
the preoperative transthoracic study .
The end-diastolic and end-systolic areas of the left ven-
tricle were measured by a computer-aided planimetric
method from the frozen parasternal equivalent short-axis
images taken at the level of the papillary muscle . The timing
of end-diastole was defined as the peak of the R wave on the
simultaneous ECG recording, whereas the end-systolic
frame was selected as the end point of the T wave on the
ECG. The fractional area change, as an index of global
systolic function, was calculated with the following formula :
Fractional area change = End-diastolic area - End-systolic
area/End-diastolic area x 100 (16) . In addition, M-mode
recording was performed to evaluate quantitatively the sys-
tolic thickening of the interventicular septum, thus avoiding
the effects of pericardiotomy (21) . During echocardiographic
recordings, no inotropic or vasodilator agents were admin-
istered, and ventricular pacing was not used . The epicardial
ech dio hic examination after coronary artery bypass
grafting was obtained after removal of the arterial and
venous cannula at least 20 min after cardiopulmonary bypass
and 10 min after administration of protamine . No patient
required any mechanical ventricular device, intraaortic bal-
loon support or positive inotropic stimulation . Heart rate
and hemodynamic variables were measured at the time of
the echocardiographic recording before and after coronary
artery bypass grafting . Because mechanical ventilation dur-
ing anesthesia induces changes in pulmonary capillary
w pressure, we obtained the left ventricular filling
pressure by direct catheterization of the left atrium . The
mean left atrial pressure was utilized to optimize left ven-
tricular filling to avoid any significant variation in preload
between the echocardiography performed before and after
coronary artery bypass grafting . Systemic vascular resis-
tance was calculated according to the standard formula .
The echocardiographic images were digitally acquired
and displayed. Regional wall motion was evaluated using the
scoring system previously described . In addition, quantita-
tive evaluation of the interventricular septum was performed
using M-mode recording .
Postoperative echocardiography and follow-up. Before
discharge (approximately 2 weeks after the operation) and 3
months later, all patients were reevaluated by transthoracic
echocardiography, and left ventricular wall motion was
reanalyzed with the scoring system previously described . To
eliminate possible bias, the two observations were analyzed
in randomized, blinded manner .
Rest left ventricular ejection fraction by two-dimensional
ec ardi aphy. Left ventricular ejection fraction was
calculated by conventional two-dimensional echocardiogra-
phy using a standard area-length algorithm for end-diastolic
and end-systolic volume determination (16) . The echocardio-
graphic images were obtained from the two-chamber view
using the highest transducer frequency and gain settings that
provided g visualization of the endocardial borders of the
left ventricle in end-diastolic and end-systolic frames . Par-
ticular care was taken to obtain the largest contour and
greatest length of the left ventricle . Echocardiographic re-
cordings were made during held end-expiration in all pa-
tients .
The interstudy variability in each patient was assessed by
echocardiographic examination twice within 20 min and
calculated by averaging the absolute differences between the
two measurements. Changes in ejection fraction before and
after coronary artery bypass grafting were considered signif-
icant if they were outside the 95% confidence limits of
interstudy variability . In 20 patients, postoperative left ven-
tricular ejection fraction was also determined by radionu-
clide gated pool scintigraphy within 24 h of echocardio-
graphic examination to assess the accuracy of this
echocardiographic determination of ejection fraction in pa-
tients with rest regional wall motion abnormalities .
Statistical analysis . Comparison of quantitative variables
was accomplished using analysis of variance (ANOVA) for
repeated measures . Differences were considered significant
at p < 0.05. When ANOVA indicated the presence of
significant changes, the Student t test for paired samples
with Bonferroni correction for multiple comparisons was
used to identify the sources of the differences . All data are
expressed as mean value ± SD .
Results
lobo ine
echocardiography.
A total of 528 myocardial
segments were analyzed in the 33 patients. Before the test,
314 segments were judged akinetic, 20 hypokinetic and 194
normal . Each patient had at least two akinetic segments .
Figure I shows the mean changes in the akinetic segments
during dobutamine infusion . Systolic wall thickening and
contraction improved after dobutamine infusion in 198 seg-
ments (63 .0%), of which 183 became normokinetic and 15
hypokinetic . The remaining 116 segments did not improve
and remained akinetic. Improvement was detected in each
patient in at least two segments . In five patients, 10 myocar-
dial segments improved after the first dobutamine infusion
(5 pg/kg per min for 5 min) and worsened after the second
JACC Vol. 23 . No . 3
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Figure L Changes in baseline ahlwtic segments
detected after dobutamine infusion (by transthoracic
echocardiography), immediately after revasculariza-
tion (CABG) (by intmoperative epicardial echo-
cardiography) and 2 weeks later (PRE DIS-
CHARGE) (by transthoracic echocardiography) .
Figure 2. Regional distribution of aki-
netic segments (solid bars) that showed
improvement after dobutamine infu-
sion. Open bars = hypokinetic (HYPO)
or normokinetic segments . INF .
inferior ; POST. = posterior.
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infusion (10 ug/kg per min for a further 5 min). The wall
motion score for the group after dobutaminc infusion im-
proved from 2.24 ± 0
.35 to 1
.49 ± 0
.34 (p < 0.001) . The
regional distribution of the akke6c areas that showed im-
provement after dobutamine infusion is shown in Figure 2 .
Intranperative echocardiography
. To ensure that the pre-
operative segmental wall motion assessed by epicardial
echocardiography reflected the chronic state of ventricular
function and not a regional alteration induced by anesthetia
and surgical manipulation, we compared the data obtained
intraoperatively (before revascularization) by epicardial
echocardiography with those obtained preoperatively at
baseline by transthoracic echocardiography . There were no
variations in regional wall motion in the 529 segments .
Continuous intraoperative transesophageal echocardio-
graphic monitoring was used to ensure that transient isch-
BEFORE
AFTER
DODUTAFAINE
AKWETIC
SEGMENTS
emia did not occur before or after coronary artery bypass
grafting .
Table 2 summarizes the cardiac hemodynamic variables
before and immediately after the operation . There were no
major variations except for cardiac output and systemic
vascular resistance, which respectively increased and de-
creased significantly (p < 0
.01) immediately after the oper-
ation. All other hemodynamic variables remained stable
during the operation. Left ventricular end-diastolic area was
unchanged (26.0 ± 7 vs. 22.31 ± 6.6 cm z , p = NS), whereas
fractional area change showed a significant increase after
coronary artery bypass grafting (24
.4 ± 10.1 vs. 39.3
10.6 cm2,
p < 0 . 01) .
After revascularization, 205 of the 314 akinetic segments
at baseline improved, and 182 became normokinetic (57 .9%) .
The remaining 109 did not change (Fig . I) .
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Table 2.
Hemodynamic Variables During Intraoperative
Epicardial Echocardiography
-
(dynes-vcm -s )
op < 0.01 . Values presented are mean value SD . CABG = coronary
artery bypass surgery ; CO -
cardiac output
; CVP central venous presure ;
HR - heart rate ; MLAP -
mean left atrial pressure
; PAP -
pulmonary artery
pressure ; PCWP - pulmonary capillary wedge pressure ; SAP - systemic
arterial pressure; SVR - systemic vascular resistance .
The regional wall motion score improved significantly
immediately after coronary artery bypass grafting (from 2 .24
± 0.35 to 1 .51 ± 0.38, p < 0 .001) and 2 weeks later (from
2.24 ± 0.35 to 1 .51 ± 0 .38, p < 0 .001) . Figure 3 shows the
individual changes in regional wall motion score detected
during dobutamine infusion (A), immediately after revascular-
ization (B) and 2 weeks later (C). The akinetic segments that
recovered after revascularization showed greater end-diastolic
wall thickness at baseline (10 ± 4 vs . 6 ± 3 mm, p < 0 .001) .
Smsitivity and specificity of the dobutamine test. Table 3
shows the sensitivity and specificity indexes of dobutamine
echocardiography for the detection of reversible dysfunction
&00
a
1 .00
0 0
0 a
	 MWORE
AF1WW GEONME AMER
DOWARGRE
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Table 3. Sensitivity and Specificity Indexes of Dobutamine
Echocardiography for Detection of Reversible Dysfunction
Intraoperative Epicardial
Echocardiography During
Coronary Artery Bypass
Reversible
Dysfunction
178 (86.8%)*
27
205
Preoperative Echocardiography
After Dobutamine Infusion
Akinetic reversible segments
Akinetic nonreversibl, segments
Total
JL
TRANSTHORACIC
9.
WTUMMOPPERAT11111
C.
TUNSIHORAOC
D,
TRANSTMORACIC
EC140
IWAROKI
. ECHO ECHO ECHO
*Sensitivity = (Number of akinetic segments reversible after dobutamine
(true positive))/(Number of segments showing reversible dysfunction) . tSpec .
My - (Number of akinetic segments not reversible after dobutamine
(true negative))/Number of segments showing fixed dysfunction) . Accuracy
(85%) - (True positive + True negative)/All segments. Fixed dysfunction =
akinetic segments showing no improvement after revascularization of the
related stenotic coronary artery vessel ; reversible dysfunction = akinctic
segments showing improvement after revascularization of the related stenotic
coronary artery .
using as a standard the reversibility of akinetic myocardium
on reperfusion as detected by intraoperative epicardial echo-
cardiography. The sensitivity of the test was 86 .8%; the
specificity was 81 .6%; and the accuracy in predicting revers-
ibility of wall motion after reperfusion was 85 .0%. The
positive predictive value was 89 .8% and the negative predic-
tive value was 76.7% .
There were only minimal changes between the data
obtained by intraoperative echocardiography after coronary
artery bypass grafting and those provided by transthoracic
echocardiography before hospital discharge (Fig . 1). Seven
of the 205 akinetic segments that improved immediately after
revascularization showed a worsening of wall motion at
0 a a
a
DEMNOME	
AFTER BEFORE AFTER
TWO UEDWROMCAN3 11RE2 FROM
CABO
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Fixed
Dysfunction
Total
20 198
89 (81 .617) , 116
109 314
Figure 3. Regional wall motion score
at baseline (BEFORE) and after dob-
utamine infusion, detected by trans-
thoracic echocardiography (ECHO)
(A) ; before and after coronary artery
bypass grafting (CABG), detected by
intraoperative epicardial echocardi-
ography (B) ; before and 2 weeks after
bypass grafting, detected by trans-
thoracic echocardiography (C) ; be-
fore and 3 months after bypass graft-
ing, detected by transthoracic
echocardiography (D) . Individual
data as well as mean value ± SD are
reported .
Before CABG
After CABG
HR (beats/min)
80 t 13
84 ± 10
SAP (mm Hg)
Systolic
114 ± 15
110 ± 14
Diastolic 68±9
66®9
PAP (mm Hg)
Systolic
25±9 22±3
Diastolic
12±5
11t3
CO (litwerSimmin) 5 .3
1 .6 6.5 ± 1 .5 0
CVP (mm Hg)
7±3 7t2
PCWP (mm Hg)
13±6 11±3
M LAP (mm Hg)
924 9±2
SVR 1,260 ± 430
968 2700
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Figure 4 . Changes in segments with and
without reversible dysfunction on the ba-
sis of recovery in wall motion immediately
after revascularization (detected by intra-
operative epicardial echocardiography
I ECHO]) and 2 weeks (PRE-DISCHARGE)
and 3 months after the operation (detected
by transthoracic echocardiography) .
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predischarge echocardiographic study (5 became akinetic, 2
hypokinetic) . During the same period, 3 of the 23 hypoki-
netic segments became normokinetic, and I of the 109
akinetic segments became normokinetic . We could not de-
tect any new wall motion abnormality or enzyme release
(creatine kinase) suggesting perioperative myocardial infarc-
tion .
follow-up. Three months postoperatively, 32 of the 33
patients were symptom free . Specific antianginal therapy
was discontinued, but antihypertensive medication was con-
tinued. Patients with an initial presentation of dyspnea
continued receiving diuretic and angiotensin-converting en-
zyme inhibitor therapy . In one patient dyspnea persisted
despite improvement in left ventricular wall motion .
Figure 4 shows the overall changes in left ventricular wall
motion in the akinetic segments that were considered revers-
ible on the basis of improvement after revascularization (n =
205) and in those that failed to do so (n = 109) . Three months
after coronary artery bypass grafting, 170 (82 .9%) of 205 of
reversible segments maintained the improvement in contrac-
tion (152 were normokinetic, 18 hypokinetic), and 9 (8 .3%)
of 109 segments classified as not reversible showed improve-
ment in contraction (8 were normokinetic, I was hypoki-
netic). The regional wall motion score improved significantly
(from 2.24 ± 0.35 at baseline to 1 .55 ± 0.37, p < 0 .001) .
Individual changes and mean values of wall motion scores
are reported in Figure 3D. The sensitivity of dobutamine
echocardiography for identifying functional recovery at late
follow-up was 91 .6%, the specificity 74 .8% and the accuracy
84 3%. The positive predictive value was 82 .8%, whereas
the negative predictive value was 87.0% .
Mean left ventricular ejection fraction calculated by echo-
cardiography improved from 34 ± 9% (baseline preoperative
study) to 46.9 ± 9% (3 months postoperatively) (p < 0 .001),
respectively . Twenty-five patients showed an improved ejec-
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lion fraction > i0% of the 95% confidence limits of interstudy
variability .
In 20 patients repeat ejection fractions by standard radi-
onuclide ventriculography were obtained . In this subgroup
of patients there was good correlation between the values
obtained by the two techniques (r = 0 .80, SEE = 5%) .
Figure 5 depicts an example of serial echocardiograms
demonstrating septal and anterior akinesia at baseline and
improvement in function with low dose dobutamine infusion
immediately after the operation and at 3-month follow-up .
Discussion
This study shows that in selected patients, echocardio-
graphic assessment of the contractile response to dobu-
tamine by chronically underperfused myocardium predicts
recovery of regional wall motion after coronary artery
bypass surgery .
Accuracy and feasibility of the dobutamine test. Do-
butamine infusion identified 89 of the 109 segments that did
not recover after effective revascularization . Conversely, it
predicted reversible dysfunction in 178 of the 205 akinetic
segments that returned to normal function immediately after
revascularization. Dobutamine-responsive wall motion was
also accurate in predicting functional recovery at late follow-
up. The strict exclusion criteria adopted in this study would
tend to select for potential reversible dysfunction and may
explain the lack of variability in baseline segmental motion
and the large number of segments that became normal with
dobutamine infusion or recovered postoperatively . All of our
patients were required to have a good acoustic window and
extensive stable akinetic segments of the left ventricle with
adequate diastolic thickness. Patients with aneurysm or
extensive scar were excluded . The akinetic segments that
recovered after revascularization showed greater wall thick-
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5. Echocardiograms (midventricular short-axis view) ob-
tained in a patient showing septa] and anterior akinesia at baseline
(A), after recovery during dobutamine infusion (B), after revascu-
larization (epicardial approach) (C) and during follow-up (D) . CABG
coronary artery bypass grafting .
ness than that of those that did not recover. Although our
patients were not selected for previous lytic therapy or
revascularization, only 16 patients showed reduced wall
thickness at the site of Q wave infarction (Table 1) . The high
prevalence of reduced wall thickness in the inferoposterior,
septal and apical segments explains the large proportion of
segments in these sites that failed to recover after dobu-
tamine infusion (Fig . 2) . The maintenance of wall thickness
and dobutamine-responsive wall motion observed in akinetic
segments despite Q wave infarction on the ECG is not
surprising because pathologic studies (22) have reported that
regional wall motion abnormalities related to Q wave infarc-
tion are not always indicative of trasmural scar formation .
Brunken et al
. (23) reported a high prevalence (68%) of
metabolic viability in Q wave infarct regions . In some
patients, ejection fraction was only slightly reduced despite
the presence of akinetic segments . This could be due to the
geometric algorithm used or to a compensatory hyperkinesia
of the remote segments. Dobutamine echocardiography is
safe and noninvasive and does not require exercise testing .
In our study, the test was not carried out in 15 patients
because of technically inadequate images, yielding a high
rate of nonfeasibility
. To validate our methodology, we
excluded all patients who had even one nonvisualized seg-
ment
. Our results cannot be considered representative of the
DIASTOLE
JACC Vol
. 23, No. 3
March 1, 1994 :617-26
SYSTOLE
predictive accuracy of the dobutamine test in a general group
of patients with coronary artery disease and left ventricular
dysfunction .
Contractile reserve of akinetic myocardium and recovery
after rev ularization. As coronary artery bypass surgery
has a high risk for patients with a low ejection fraction and
extensive regional ventricular dysfunction, the ideal diag-
nostic technique should not only identify viable myocar-
dium, but also provide information as to the operative risk .
Although positron emission tomography and thallium rest
scintigraphy are useful for selecting patients for revascular-
ization, there is little information with regard to the use of
these technique in predicting early functional recovery, a
variable that may in part determine overall operative risk .
Our data suggest that measurement of the contractile reserve
of the akinetic myocardium with dobutamine may be useful
for this latter purpose because it predicts immediate recov-
ery of ventricular function . All patients showed postopera-
tive recovery of function in at least two akinetic segments .
Despite the severe left ventricular dysfunction present in
most patients preoperatively, there was no major complica-
tion during or after the operation, and, surprisingly, no
patient required positive inotropic or mechanical support .
Finally, functional recovery occurred immediately after re-
vascularization in all patients . This result agrees with reports
of Topol et al . (2) and Lazar et al . (24) but differs from those
of other investigators who reported delayed recovery in wall
motion after coronary artery bypass surgery (25) . These
discrepancies may be explained by several factors, including
different methods used for selecting patients, variable
knowledge of graft patency, different timing of the postop-
JACC Vol . 23, No . 3
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erative evaluation and different methods used to analyze
wall motion . In addition, techniques for cardiac preservation
during surgical revascularization and the duration of aortic
cross clamping may influence postoperative contractile func-
tion (19) . In our patients, cross-clamping time did Pot exceed
35 min, a period not associated with postischemic contractile
dysfunction in humans (19) .
In this study, the end point was a clinical definition of
reversible dysfunction (i .e ., improvement in wall motion of a
stable, hypoperfused akinetic segment after revasculariza-
tion) . At present there is no widely accepted definition for
chronic dysfunctional reversible myocardium . Several fac-
tors may modify postoperative contractile function indepen-
dently of revascularization (26-29) . For example, anesthesia
could have influenced left ventricular performance . How-
ever, left ventricular function recorded at baseline and
intraoperatively, before revascularization, was unchanged .
In addition, anesthesia is expected to further depress con-
tractility, not to improve it . Release of catecholamines
during and after cardiac surgery could exert a positive
inotropic effect (30) . However, this factor is not likely to be
important in our patients because the majority had improved
regional wall motion was at both 2 weeks and 3 months after
the operation . In addition, heart rate did not change signifi-
cantly during echocardiographic recording. A reduction in
peripheral resistance induced by surgical revascularization
could be responsible for the improved regional kinetics
observed postoperatively. Again, we found no significant
variations between regional wall motion detected immedi-
ately after revascularization and that obtained both 2 weeks
and 3 months later, when peripheral resistance would have
returned to preoperative values . Finally, left atrial pressure
monitoring was used to avoid significant variation in preload
between preoperative and postoperative measures of wall
motion . The absence of significant variation in end-diastolic
area during surgical intervention supports preload stability .
We have no objective data with regard to the adequacy of
revascularization. However, the surgeon judged that the
operative procedures resulted in complete revascularization .
Two patients with revascularization that was judged incom-
plete were excluded from the study . No patient studied had
evidence of intraoperative or perioperative myocardial in-
farction or hemodynamic instability . Therefore, we believe
that the definition of reversible dysfunction used in this
study is a reasonable measure of the change in myocardial
contraction caused by establishing normal perfusion in this
subset of patients with chronic left ventricular dysfunction .
The rapidity of recovery of the hibernating myocardium
after both dobutamine stimulation and reperfusion is surpris-
ing. This ,ading suggests that the akinetic areas were
composed of normal, not irreversibly damaged myocytes,
but that their contractile state had been downregulated .
Previous experimental work (31,32) in a rabbit model sug-
gests that decreased intracellular pH may play a role in
downregulating contractility in hypoperfused myocardium
mainly by inhibiting calcium influx and reducing calcium
sensitivity of the myofilaments
. Dobutamine could improve
the imbalance between supply and demand or counteract
several of the pH-mediated effects on cellular calcium regu-
lation and, in so doing, restore contraction (31) . Presumably,
reperfusion, by restoring normal cellular pH, results in
recovery of contraction .
Limitations of the study . There are several potential
limitations of this study . First, regional myocardial function
was evaluated by a subjective, qualitative method that could
have been influenced by cardiac rotation and motion
. Quan-
titative methods may provide more objective measurements
of regional wall motion and systolic wall thickening, but
these techniques also have limitations, including difficulties
in recognizing endocardial and epicardial outlines . When
utilized to detect differences in regional wall motion before
and after surgical revascularization, the two methods (quan-
titative and qualitative) produced similar results (24) . In the
present study, to improve the reliability of the qualitative
analysis, only the akinetic segments determined by two
independent observers were considered . Septal systolic wall
thickening was also quantified by M-mode echocardio-
graphic examination to avoid the interference of pericardi-
ectomy and to distinguish endocardial excursion due to
myocardial contraction from that caused by cardiac trans-
lation .
Second, the presence of silent ischemia was not system-
atically ruled out in our patients to assess whether baseline
akinetic segments reflected stunned myocardium (29) . Our
requirement that segmental akinesia be persistent in all
patients by serial prospective evaluation until performance
of coronary artery bypass surgery makes it unlikely that
these patients had silent ischemia . However, we cannot
exclude the possibility that some segments were stunned
rather than chronically dysfunctioning .
Third, there are some intrinsic limitations with regard to
the use of the dobutamine test . Dobutamine, especially in
the presence of severe reduction of coronary reserve might
induce ischemia of hibernating segments, thus lowering the
sensitivity of the test. That evidence of this response oc-
curred at higher dobutamine dosage in 10 of our patients
stresses the importance of grading the dose of drug admin-
istration and continuously assessing wall motion during the
infusion .
Fourth, early graft closure was not assessed in this study .
Obviously, graft patency could have played a role in the
patients whose function deteriorated or did not improve at
3-month follow-up .
Clinical implications . The reversibility of the akinetic
areas after coronary artery bypass surgery represents further
clinical evidence that in coronary artery disease, chronic
hypoperfusion can result in persistent left ventricular dys-
function (4) . Identification of hibernating myocardium is
important in selecting patients for coronary revasculariza-
tion (33-35) . Our finding that dobutamine echocardiography
identifies the likelihood that chronically dysfunctioning myo-
cardium will be reversed by revascularization has consider-
JACC Vol . 23, No . 3
DOBUTAMINE ECHOCARDIOGRAPHY
FOR REVERSIBLE DYSFUNCTION
	
March I . 1994 :617-26
626
LA CANNA ET AL .
able clinical implications for patient management and oper-
ative risk assessment. Of note, one-third of our patients had
dyspnea as the only symptom, and some patients with severe
left ventricular dysfunction were potential candidates for
heart transplantation. Thus, dobutamine echocardiography
might play a crucial role in selecting patients for revascular-
ization rather than heart transplantation . For therapeutic
decision making in patients with end-stage ischemic cardio-
myopathy and clinical manifestations of congestive heart
failure rather thaw angina, additional studies are needed to
assess the precise role of contractile reserve detected by
dobutamine echocardiography .
Echocardiography during low dose dobu-
tamine infusion can accurately identify viable myocardium
in selected patients with chronic left ventricular dysfunction .
This methodology may be useful in predicting early func-
tional recovery after coronary artery bypass .
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